The effectiveness of a short metacognitive intervention combined with algorithmic cognitive instruction was assessed in an elementary school setting. Two hundred thirty-seven 3rd-grade children were randomly assigned to a 5-session metacognitive strategy instruction, an algorithmic direct cognitive instruction, a motivational program, a quantitative-relational condition, or a spelling condition. Children in the metacognitive program achieved significant gains in trained metacognitive skills compared with the 4 other conditions. Moreover, the children in the metacognitive program performed better on trained cognitive skills than children in the algorithmic condition, with a follow-up effect on domain-specific mathematics problem-solving knowledge. Despite the consistency of findings, no generalization effects were found on transfer of cognitive learning.
Several cognitive processes are required to answer problems like the following: "Kenny has 25 balls. This is 7 balls more than Mary, and 3 balls more than Kjell. How many balls does Mary have?". First, children need to have adequate number reading. Children need to know that "25" is not 52 or 250 and that "7" is not 4 or 9. Next, children need to understand the language used in the problem. In addition, children need to build an adequate mental representation so that they will not translate "more" as "addition" and answer "32" (25 ϩ 7 ϭ 32). Also, children have to be able to execute adequate procedural calculations so that they will not answer "22" (25 -7 ϭ repetition of 2, 7 -5 ϭ 2). Some children have difficulty with this task because of problems with the limited capacity of working memory (cognitive overload) and because of an insufficient knowledge base (or expertise) in math achievement (Baddeley, 1999; Keeler & Swanson, 2001; Logie & Gilhooly, 1998; McCloskey & Macaruso, 1995; Schneider & Pressley, 1997; Swanson, 1990) .
Moreover, some children fall behind in selecting relevant information to create an adequate mental representation of the problem (Feuerstein, Rand, & Hoffman, 1979; Greenberg, 1990) . They can answer "35" (25 ϩ 7 ϩ 3) or "15" (25 -7 -3) , even though the number of balls that Kjell has does not matter. In addition, the importance of number sense in mathematical problem solving has been clearly demonstrated by Sowder (1992) and Verschaffel (1999) .
In the last few years, various authors have described metacognition as essential to mathematical problem solving (e.g., Borkowski, 1992; Carr & Biddlecomb, 1998; De Corte, Verschaffel, & Op't Eynde, 2000) . Flavell (1976) defined metacognition as "one's knowledge concerning one's own cognitive processes and products or anything related to them" (p. 232). Simons (1996) combined different metacognitive phenomena into three metacognitive components: namely, metacognitive knowledge, metacognitive skills (e.g., prediction, planning, monitoring, and evaluation), and metacognitive beliefs. Within those beliefs, motivation drives and directs behavior (Heyman & Dweck, 1996) and can be seen as the vehicle for applying metacognitive knowledge and using metacognitive skills (Boekaerts, 1999) .
A principal-components analysis of metacognition revealed three metacognitive components, explaining 66%-67% of the common variance (Desoete, Roeyers, & Buysse, 2001 ). Prediction and evaluation were interrelated as one of these components. Because both of these metacognitive skills were measured either before or after problem-solving exercises, we labeled this metacognitive component offline (measured) metacognition. In a sample of 165 third graders, we were able to differentiate among various mathematic-ability groups on the basis of the offline metacognitive component ).
Aim and Research Hypotheses
Over the past few years, increasing attention has been paid to the idea of outcome measures (Swanson, Hoskyn, & Lee, 1999; Swanson, O'Shaughnessy, McMahon, Hoskyn, & Sachse-Lee, 1998) . It is interesting to hypothesize that metacognition embellishes the instruction of procedural knowledge. In this study, we tested this possibility using the five conditions described below (see Table 1 ). We expected positive outcomes because several metacognitive skills have been found to be trainable (Efklides, Papadaki, Papantoniou, & Kiosseoglou, 1997; Lucangeli, Cornoldi, & Tellarini, 1998) .
We chose five instruction variants that worked cumulatively (see Table 1 ). One potentially contributing aspect was added in each condition. By comparing the results of the children in the five conditions, we aimed to obtain an indication of whether any improvement in mathematical problem solving was due to one of the added components, namely, the metacognitive component. In addition, we investigated whether offline metacognitive skills need to be taught explicitly for the development of mathematical problem solving. We took the option to train prediction (Pr), number reading (NR), procedural calculation (P), language-related (L), and mental-representation (M) skills because children with mathematics learning disabilities are deficient in these skills (Campbell, 1998; Geary, 1993; McCloskey & Macaruso, 1995; Montague, 1998; Noel, 2000; Rourke & Conway, 1997; Sowder, 1992; see Table 2 in this article).
We chose to investigate whether these skills could be trained in normal young children so that we could eventually set up a similar study of children with mathematics learning disabilities in the future. We chose evaluation (Ev), relevance (R), and number sense (N) tasks to measure transfer because these tasks are far-transfer tasks that are in no way related to the trained content and, in the case of the cognitive tasks (R and N), are not even partially correlated with the trained content (Desoete, 2001; Desoete, Roeyers, & De Clercq, 2001) .
The general aim of the present study was fourfold. First, we investigated the modifiability of offline metacognition in young children. We hypothesized that a metacognitive strategy approach, combined with direct algorithmic cognitive instruction, could modify explicitly taught prediction skills in third graders (Hypothesis 1). We hypothesized no such improvement in prediction skills for the four other conditions or instruction variants.
Second, we explored the extent to which a metacognitive strategy approach, combined with direct algorithmic cognitive instruction, adds value and is more effective than one of the four other instruction variants. We hypothesized that a metacognitive strategy approach, combined with direct algorithmic cognitive instruction, could improve the NR, P, L, and M skills in young children (Hypothesis 2).
Third, we investigated the transfer-promoting function of a metacognitive strategy approach. We expected the metacognitive condition to be the most effective intervention variant in promoting far transfer or in applying what is learned to uninstructed metacognitive (Ev) and cognitive (R and N) mathematical problem-solving skills (Hypothesis 3).
Finally, we explored the extent to which a metacognitive strategy approach is the most effective intervention variant in promoting a follow-up effect 6 weeks later. We expected the metacognitive condition to be the most effective intervention variant in promoting a follow-up effect on trained (P, L, and M) mathematical problem-solving skills (Hypothesis 4).
Method

Participants
Participants were all third-grade children attending seven elementary schools in the Dutch-speaking part of Belgium. The sample included 237 White children: 114 girls and 123 boys. All children followed regular elementary education. Permission for the children to participate in this study was obtained from their parents.
The children had an average intelligence, according to the teacher. Their measured Full Scale IQ ranged between 79 and 135 on the Collective Verbal Intelligence Test for Grades 3 and 4 (CIT-34; Stinissen, Smolders, & Coppens-Declerck, 1974) Participants were ranked on the basis of their pretest scores on the Kortrijk Arithmetic Test (for second graders; KRT2; Cracco et al., 1995) and the Arithmetic Number Facts Test (TTR; De Vos, 1992) and were then randomly assigned to one of the conditions by the researchers. There were multiple treatments tested at each school. The metacognitive group consisted of 49 children out of five classes. The algorithmic group consisted of 50 children out of five classes. The motivation, math, and control groups included 38, 42, and 58 children, respectively, out of four, five, and four classes, respectively.
At the time of pretesting, the participants had a mean age of 99.59 months (SD ϭ 3.27 months). On the KRT2, children achieved a standardized mean percentile score of 39.78 (SD ϭ 26.18). On the TTR, children achieved a standardized mean percentile score of 55.76 (SD ϭ 31.99). Children's mathematical skills on the Evaluation and Predication Assessment (EPA2000; De Clercq, were 57.63/80 (SD ϭ 8.18). The prediction score on EPA2000 was 102.31/160 (SD ϭ 16.46), whereas the evaluation score was 106.52/160 (SD ϭ 18.43). In addition, the children read a mean of 39.93 (SD ϭ 7.69) words correctly in 1 min (Brus & Voeten, 1999) .
Measures
Different mathematical problem-solving tests were used as pre-and posttest measures in this study. The KRT2 and the TTR were used to match the five groups of children. In addition, the KRT3 was used as an independent follow-up measure because it included only tasks we trained.
The KRT2 is a 60-item Belgian mathematics test on domain-specific knowledge and skills, resulting in a percentile on mental computation 
Note. ϩ ϭ included compound. Ϫ ϭ nonincluded compound.
(especially tasks on P), number system knowledge (especially tasks on language comprehension and visualization), and a total percentile. The psychometric value of the KRT2 (norms ϭ June, Grade 2) and the KRT for third graders (KRT3; norms ϭ January, Grade 3) has been demonstrated on a sample of 381 and 523 Dutch-speaking students, respectively (and on 3,246 children total). In this study, because of different norm periods (October and January, Grade 3), two versions of the KRT were used on these third graders. In October, the KRT2 was used as a pretest measure. The children were compared with second graders on this measure (percentile norms ϭ June, Grade 2). Six weeks after the intervention (which took place in November), the KRT3 was used as posttest measure in January (here, percentile norms ϭ January, Grade 3). To compare KRT2 and KRT3, percentiles were used. A validity coefficient (correlation with school results) and a reliability coefficient (Cronbach's alpha) of .65 and .90, respectively, for Grade 2. A validity coefficient and reliability coefficient of .64 and .91, respectively, were found for Grade 3. Because we found performances on mental computation (e.g., 129 ϩ 879 ϭ ) and number system knowledge (e.g., "add three 10s to 61 and you get ") on the KRT2 and KRT3 to be strongly interrelated in our sample (Pearson's r ϭ .76, p Յ .01), we used the standardized total percentile based on national norms. The KRT2 was used as pretest to match the five groups of children. In addition, the KRT3 was used as an independent follow-up measure because it included only tasks we trained. The TTR is a test consisting of 200 arithmetic number fact problems (e.g., 5 ϫ 9 ϭ ). Children have to solve as many number fact problems as possible out of 200 in 5 min. The test has been standardized for Flanders on 220 third graders (and on 10,059 children total; Ghesquière & Ruijssenaars, 1994) , but no further psychometric data are available. We used the TTR as a pretest to match the five groups of children, independent of the intervention model.
The One Minute Test (Een Minuut Test or EMT; Brus & Voeten, 1999) is a test of reading fluency for Dutch-speaking people, validated for Flanders on 361 third graders (and on 3,462 children total; Ghesquière & Ruijssenaars, 1994) , measuring the capacity of children to read correctly as many words as possible out of 116 words (e.g., leg, car) in 1 min. A validity coefficient (correlation with teacher rating) and reliability coefficient (test-retest correlation) of .77 and .91, respectively, were found for Grade 3.
The CIT-34 (Stinissen et al., 1974 ) is a verbal intelligence test for children that is made up of eight subtests, validated for Flanders on 622 third graders (and on 3,701 children total). A validity coefficient (correlation with school results) and reliability coefficient (with the Kruder Richardson [KR20] formula) of .67 and .95, respectively, were found.
The EPA2000 (De Clercq, is a computerized procedure for assessing various cognitive (e.g., NR, P, L, M, dealing with R and N; see Table 2 ) and metacognitive (Pr and Ev; see Figures 1 and 2) processes associated with mathematical problem solving in elementary school children. The psychometric value has been demonstrated on a sample of 550 Dutch-speaking third graders (Desoete, Roeyers, & De Clercq, 2002) . Moreover, Cronbach's alpha reliability analyses revealed alphas of .74, .89, and .85 for Pr, mathematical cognition, and Ev, respectively, for the total test (80 items; . In addition, in a previous study on 1,336 third-grade children, partial correlations were computed between all cognitive skills. No partial correlations were found between R and N tasks or between NR, L, and M tasks (Desoete, Roeyers, & Buysse, 2000) . Moreover, P, L, and M tasks differentiated children with mathematics learning disabilities from children with mathematics learning problems and children with age-adequate mathematical problem-solving skills. Therefore, in this intervention study, two cognitive composite scores were computed, namely trained cognitive content (NR, P, L, and M skills; Figure 1 . Assessment sample of the trained metacognitive content (prediction). Metacognitive predictions were awarded 2 points whenever they corresponded to the child's actual performance on the task (e.g., doing the exercise correctly and rating "I am absolutely sure that I will solve the exercise correctly"). Predicting "I am quite sure that I will solve the exercise correctly" or "I am quite sure that I will solve the exercise wrong" received 1 point whenever the prediction corresponded with the child's performance. Other answers did not gain any points, as they represented a lack of predictive metacognition. Trained metacognitive content had a maximum score of 160 points. Traffic light for "I am absolutely sure that I will solve the exercise correctly" ϭ two green lights; traffic light for "I am quite sure that I will solve the exercise correctly" ϭ one green light; traffic light for "I am quite sure that I will solve the exercise wrong" ϭ one red light; traffic light for "I am absolutely sure that I will solve the exercise wrong" ϭ two red lights.
see Figure 3 ) and nontrained cognitive content (R and N skills; see Figure  4 ). The two metacognitive scores (Pr and Ev skills) were also used. Cronbach's alphas of .78, .74, .59, and .85 were found for trained cognitive content (NR, P, L, and M skills, with a maximum score of 38 points), trained metacognitive content (Pr skills, with a maximum score of 160 points), nontrained cognitive content (R and N skills, with a maximum score of 9 points), and nontrained metacognitive content (Ev skills, with a max score of 160 points), respectively (see Figure 2 ).
The motivation scale was made especially for this study and included a ranking of 10 lessons on a 5-point rating scale (e.g., "I very much like a mathematics lesson" vs. "I very much dislike a mathematics lesson"). The instrument was tested in a pilot study (N ϭ 30) to determine the usefulness for this age group and its sensitivity in measuring individual differences. Analyses showed that students in Grade 3 could handle the instruments well. Students were interviewed after the test about their reasons for their answers. The given answers all referred to the constructs in question. Furthermore, test-retest correlations of .81 ( p Ͻ .01) and interrater reliabilities varying between .99 and 1.00 ( p Ͻ .01) were found.
Procedure
A pretest-intervention-posttest-follow-up design with control groups was used in this study. The inclusion of five groups was important to ensure that any treatment effect obtained by the metacognitive group could Figure 2 . Assessment sample of the nontrained metacognitive content (evaluation). Metacognitive evaluations were awarded with 2 points whenever they corresponded to the child's actual performance on the task (e.g., doing the exercise correctly and rating "I am absolutely sure that I have done the exercise correctly"). Evaluating "I am quite sure that I have done the exercise correctly" or "I am quite sure that I have done the exercise wrong" received 1 point whenever the prediction corresponded with the child's performance. Other answers did not gain any points, as they represented a lack of evaluation skills. Nontrained metacognition had a maximum score of 160 points. Traffic light for "I am absolutely sure that I have done the exercise correctly" ϭ two green lights; traffic light for "I am quite sure that I have done the exercise correctly" ϭ one green light; traffic light for "I am quite sure that I have done the exercise wrong" ϭ one red light; traffic light for "I am absolutely sure that I have done the exercise wrong" ϭ two red lights.
Figure 3. Assessment sample of trained cognitive content (language task). For the trained cognitive mathematical problem solving, children obtained l point for every correct answer. Trained content had a maximum score of 38 points. be attributed to the metacognitive strategy instruction rather than to other factors such as algorithmic direct instruction (as in Count City), motivation experiences (as in the motivation group), quantitative-relation experience (as in the math group), or participation in a small group intervention program (as in the control group; see Table 1 and Figure 5 ). In addition, trainers and teachers were double blind with regard to the research questions of this study.
The pretest battery consisted of a measurement of verbal intelligence (CIT-34), as well as an assessment of domain-specific mathematics knowledge (KRT2), mathematical number facts (TTR), and combined mathematical cognition and offline metacognition (EPA2000). Verbal intelligence was measured because in a previous study, in 437 third-grade children, a significant correlation was found between mathematical problem solving and verbal intelligence (r ϭ .15, p Ͻ .01) but not between mathematics and Performance IQ (r ϭ .08, p ϭ .12; . In addition, we measured how many words could be read in 1 min (EMT) so that we knew whether additional help in reading the instructions would be necessary. Finally, trained metacognitive content (Pr; see Figure  1 ), trained cognitive content (NR, P, L, and M; see Figure 3 ), nontrained metacognitive content (Ev; see Figure 2 ), and nontrained cognitive content (R and N; see Figure 4) were measured with EPA2000.
The intervention took place in small groups (of about 10 children) in separate classrooms five times in 2 weeks for 50 min each time. Each session consisted of the mathematics problems in accordance with the instructions given in the program. The metacognitive experimental group (Number Town) was compared with four other instruction variants. In the metacognitive (Number Town) and cognitive (Count City) training, NR, P, M, and L skills were explicitly taught as trained cognitive content. In the motivation and math conditions, children also did exercises on these NR, P, M, and L tasks, without the tasks being in accordance with our conceptual framework. Moreover, Pr was explicitly taught in the metacognitive group and is further referred to as trained metacognitive content. None of the five training sessions worked on tasks dealing with R or N, and this content is therefore referred to below as nontrained cognitive content. Finally, none of the five types of training focused on Ev, and this content is therefore referred to below as nontrained metacognitive content. During the 2-week period that spanned the treatment manipulation, the children did not receive any metacognitive strategy instruction from their ordinary classroom teacher.
The posttest outcome measure was administered to the participants after 5 hr of training. This posttest included EPA2000 measures of trained metacognitive content (Pr), trained cognitive content (NR, P, L, and M), nontrained metacognitive content (Ev), and nontrained cognitive content (R and N). In addition, because motivation can be seen as the vehicle for metacognition and a motivation group was included, we asked the children to complete a motivation rating scale to evaluate how they experienced the intervention.
The follow-up test, 6 weeks after the last intervention, consisted of an independent assessment of domain-specific mathematical problem solving (KRT3) that was neither created by us nor related to our model. The KRT3 especially measured trained content (P, L, and M; see Table 2 ).
Teacher Training and Treatment Integrity
Four paraprofessionals were trained to teach all of the five instruction variants (metacognitive intervention, cognitive intervention, computerized motivational intervention, math intervention, and spelling intervention). Each paraprofessional participated in three instruction variants. All paraprofessionals were skilled therapists and had experience with children with mathematics learning disabilities. Initial paraprofessional training took place 1 month prior to the start of the interventions. The paraprofessionals were trained over 10 hr in total.
In addition, systematic ongoing supervision and training was provided during the interventions. During initial training, the paraprofessionals learned about current conceptions of mathematical problem solving and worked through the prepared training manual. Ongoing training included review and discussion of the next session plan and objectives and feedback on the past session.
During and after the intervention, Annemie Desoete visited each classroom. Condition integrity was evaluated throughout the study by direct observation and semistructured interviews of the paraprofessionals before, during, and after each intervention session. The level of treatment integrity was obtained by calculating the percentage of treatment components implemented as designed over the 2 weeks of the study. Throughout inter- Figure 4 . Assessment sample of the nontrained cognitive content (number sense task). For the nontrained cognitive mathematical problem solving, children obtained l point for every correct answer. Nontrained cognitive content had a maximum score of 9 points.
ventions and across paraprofessionals, treatment integrity was very high, and a 97% fidelity to essential instructional practices was found. We also observed that no metacognitive instruction was given by the regular school teacher during the 2-week training period.
Overview of Intervention Procedures
Each of the metacognitive (Number Town) sessions involved a direct Pr strategy as well as a direct cognitive (NR, P, L, and M) instruction (see Appendix A). The tasks were especially created for the metacognitive and cognitive group. This metacognitive training was verbal in nature and focused on prediction of task difficulty (see Figure 1) as well as on the tasks and problem-solving procedures themselves (see Figures 3 and 5) . Each session in the metacognitive condition started with an orientation or rehearsal phase. Then, the need for a metacognitive principle was experienced and brought about in small group sessions. We aimed to have 10 children in each group. The children experienced the metacognitive training as a motivating intervention because all children scored 4 or 5 on a 5-point motivation rating scale for the intervention sessions. The algorithmic cognitive training (Count City) used exactly the same exercises (house in Figure 5 ) as the metacognitive group (church in Figure  5 ). There was direct cognitive instruction of NR, P, M, and L tasks (see Appendix B) without Pr strategy teaching. A step-by-step presentation of the problems was used, without a prediction of task difficulty. The aim of the cognitive condition was to increase the mathematical problem-solving skills in small group sessions through direct instruction without metacognitive strategy support. We aimed to have 10 children in each group. The children experienced the cognitive training as a motivating intervention because all children scored 4 or 5 on a 5-point motivation rating scale for the intervention sessions.
The computer-assisted training made use of most of the motivating exercises in small group sessions on mathematical problem solving in Grade 3, without direct or strategy instruction. We aimed to have 10 children in each group. Therefore, 100 mathematics therapists were consulted to select the five most attractive NR, P, L, and M exercises. Their selections were five computerized math software programs: Multi (Dainamic, 1992b), Top 100, Part 2 (De Winter & Witters, 1998a) , Arithmic (Dainamic, 1992a) , Top 100, Part 4 (De Winter & Witters, 1998b) , and Tempo (Dainamic, 1992c) . The children worked with this software (one program each session) in small group sessions (about 10 children in a computer classroom, each child on a computer). The children experienced the computer training as a motivating intervention because all children scored 4 or 5 on a 5-point motivation rating scale for the intervention sessions.
With the math group, we investigated whether simple mathematical problem solving was sufficient to make children better problem solvers. Here, 100 mathematical therapists were consulted, and the most used exercises for children in Grade 3 were selected and presented to the children in small groups. We aimed to have 10 children in each group. The selection was five combinations of paper-and-pencil exercises. The math training was not experienced as more motivating than ordinary math sessions, as all children scored 2 or 3 on a 5-point motivation rating scale for the intervention sessions.
Control subjects (control group) received the same amount of instructional time as the children in the other four conditions. However, instead of math instruction, the control group received five sessions in small groups on the correct analysis of words in spelling and reading activities. We aimed to have 10 children in each group. The control training was not experienced as more motivating than ordinary math sessions, as all children scored 2 or 3 on a 5-point motivation rating scale for the intervention sessions. All participants received the same amount of instructional time (1st week ϭ 3 ϫ 50 min; 2nd week ϭ 2 ϫ 50 min).
Results
Preliminary Comparisons
Preliminary comparisons revealed that the children in the five conditions did not differ significantly in proportions of female and male participants, 2 (1, N ϭ 237) ϭ 0.34, p ϭ .56. However, the children in the five conditions differed significantly in total intelligence quotient on the CIT-34, F(4, 232) ϭ 3.21, p Ͻ .05, 2 ϭ .05 (see Table 3 ). Tukey comparisons revealed that both computertrained participants and the control group outperformed the metacognitive group on Full Scale IQ.
In addition, pretest scores and additional subscores were compared. The multivariate analysis of variance (MANOVA) with the two EPA2000 pretest mathematical problem-solving subscores (trained cognitive content and nontrained cognitive content) as the dependent variables and the condition (metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) as the independent variable was not significant on the multivariate level, F(8, 462) ϭ 0.79, p ϭ .61, 2 ϭ .01. Moreover, the MANOVA with the two EPA2000 pretest metacognitive subscores (trained metacognitive content and nontrained metacognitive content) as the dependent variables and the condition (metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) as the independent variable was not significant on the multivariate level, F(8, 462) ϭ 0.98, p ϭ .45, 2 ϭ .01. In addition, the analysis of variance with the KRT2 pretest percentile scores (to be used as follow-up measure) as the dependent variable and the condition (metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) as the independent variable was not significant on the multivariate level, F(4, 232) ϭ 0.81, p ϭ .52, 2 ϭ .03. The same results were found for the TTR pretest scores, F(4, 232) ϭ 1.39, p ϭ .24, 2 ϭ .01, and for the EMT pretest scores, F(2, 232) ϭ 1.65, p ϭ .16, 2 ϭ .03. Therefore, the five groups seem to be matched on mathematics and reading pretest scores.
Treatment Effects
To investigate the research hypotheses on the modifiability of offline metacognition (Hypothesis 1) as well as on the additional value of metacognitive instruction on the learning of cognitive skills (Hypothesis 2), we measured trained content posttest scores (trained cognitive content, trained metacognitive content). Dependent measures were analyzed separately via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate analysis of covariance (ANCOVA), with repeated measures on the second factor and intelligence as covariate. Each ANCOVA determined whether significance existed among the five conditions when compared on the dependent measure at pretesting and posttesting simultaneously. We were especially interested in the Condition ϫ Time interaction.
In addition, if there was a significant Condition ϫ Time interaction effect in the ANCOVAs, then we performed post hoc tests on the posttest scores using an appropriate post hoc procedure (Tukey if equal variance could be assumed from the Levene test and Tamhane if equal variance could not be assumed from the Levene test). In addition, we calculated the observed power and effect sizes.
It should be noted that preliminary analyses with the trainer in the model as a second between-subject variable yielded no significant main effects for the trainer ( p Ͼ .05) or the Trainer ϫ Condition interaction ( p Ͼ .05) across all dependent posttest measures (trained cognitive content, trained metacognitive content, nontrained cognitive content, and nontrained metacognitive content). Similarly, preliminary analyses with gender or school in the model as a second between-subject variable yielded no significant main effects or interactions across all dependent posttest measures ( p Ͼ .05). Thus, trainer, gender, and school were not considered further in the analyses.
In addition, all paper-and-pencil pretest, posttest, and follow-up tests were administered in the regular classroom (with an average of 29 children in one class). In every classroom, there were children who participated in different treatment groups. The experimenters were blind with respect to the treatment condition. The computerized EPA2000 was administered on an individual basis.
Trained Metacognitive Content
To investigate the modifiability of offline metacognition, we analyzed trained metacognitive content (or Pr) via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate ANCOVA, with repeated measures on the second factor and intelligence as covariate. Moreover, post hoc analyses were conducted using the Tamhane procedure because equal variance could not be assumed: Levene F(4, 232) ϭ 2.33, p ϭ .05.
A significant interaction effect with a medium effect size emerged for Condition ϫ Time, F(4, 231) ϭ 160.38, p Ͻ .01, 2 ϭ 0.74, power ϭ 1.00, and a significant interaction effect with a small effect size emerged for Intelligence ϫ Time, F(1, 232) ϭ 17.52, p Ͻ .01, 2 ϭ 0.07, power ϭ .99. In addition, a significant main effect with a small magnitude emerged for condition, F(4, 231) ϭ 9.12, p Ͻ .01, 2 ϭ 0.14, power ϭ .99; time, F(1, 231) ϭ 23.82, p Ͻ .01, 2 ϭ 0.09, power ϭ .99; and intelligence, F(1, 231) ϭ 58.82, p Ͻ .01, 2 ϭ 0.20, power ϭ 1.00. Means and standard deviations for the posttest are presented in Table 3 .
The metacognitive trained children did better than the children in the other four conditions on this measure (see summary of post hoc analyses in Table 3 ). This measure indicated that the metacognitive group successfully learned the specific metacognitive content of their program, whereas the cognitive group did not spontaneously gain metacognitive insights while working on cognitive content.
Trained Cognitive Content
A second aim was to determine whether the metacognitive condition had some value added, compared with the cognitive condition, in promoting cognitive learning on NR and production tasks, P tasks, L tasks, and M tasks. These tasks were included in the training and considered as trained cognitive content (see Figure 5) .
To investigate the modifiability of cognitive skills, we analyzed trained cognitive content via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate ANCOVA, with repeated measures on the second factor and intelligence as covariate. Moreover, post hoc analyses were conducted using the Tamhane procedure because equal variance could not be assumed: Levene F(4, 232) ϭ 8.60, p Ͻ .01.
A significant interaction effect with a medium effect size was found for Time ϫ Condition, F(4, 231) ϭ 41.84, p Ͻ .01, 2 ϭ 0.42, power ϭ 1.00. Moreover, a significant interaction effect with a small effect size was found for Intelligence ϫ Time, F(1, 232) ϭ 7.87, p Ͻ .01, 2 ϭ 0.03, power ϭ .80. In addition, a significant main effect with a small effect size emerged for condition, F(4, 231) ϭ 5.30, p Ͻ .01, 2 ϭ 0.08, power ϭ .97; time, F(1, 231) ϭ 9.55, p Ͻ .05, 2 ϭ 0.04, power ϭ .87; and intelligence, F(1, 231) ϭ 43.13, p Ͻ .01, 2 ϭ 0.16, power ϭ 1.00. Mean scores and standard deviations for the posttest are presented in Table 3 . The metacognitive trained children did better than the children in the other four conditions on this cognitive content measure (see summary of post hoc analyses in Table 3 ). No differences were found between children in the cognitive condition and children in the motivation condition, math condition, or control condition. The metacognitive group successfully learned the specific cognitive content (see Figure 5 ) of their metacognitive program. In addition, the cognitive group did not perform better than the children in the other three conditions on NR, P, L, and M tasks, although these contents (see Figure 5) were taught algorithmically.
Generalization or Transfer
To investigate Hypothesis 3 on the generalization or metacognitive and cognitive transfer of mathematical problem-solving skills, we measured nontrained content posttest scores (nontrained cognitive content and nontrained metacognitive content). Dependent measures were analyzed separately via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate ANCOVA, with repeated measures on the second factor and intelligence as covariate. Each ANCOVA determined whether significance existed among the five conditions when compared on the dependent measure at pretesting and posttesting simulta-neously. In addition, if there was a significant Condition ϫ Time interaction effect in the ANCOVA, then we performed post hoc tests on the posttest scores using an appropriate post hoc procedure (Tukey if equal variance could be assumed and Tamhane if equal variance could not be assumed). In addition, we calculated the observed power and effect sizes.
Nontrained metacognitive content. One of the aims of this investigation was also to evaluate the metacognitive transfer. To do so, we investigated whether the metacognitive training, focusing on metacognitive Pr skills, also had a transfer effect on metacognitive Ev skills. Therefore, nontrained content (or Ev scores on EPA2000) was analyzed via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate ANCOVA, with repeated measures on the second factor and intelligence as covariate. Moreover, post hoc analyses were conducted using the Tukey procedure: Levene F(4, 232) ϭ 2.28, p ϭ .06 (see Table 3 Table 3 .
There was a significant difference between children in the metacognitive condition and children in the control condition (see summary of post hoc analyses in Table 3 ). The metacognitive group learned the specific content of the sessions (trained metacognitive content and trained cognitive content), but only significantly more metacognitive (nontrained metacognitive content) generalization of learning took place in the metacognitive condition compared with the control condition.
Nontrained cognitive content. We also addressed the critical issue of cognitive transfer. To do so, we investigated whether the metacognitive training, focusing on NR and production, P, L, and M skills, had a cognitive transfer effect on mathematical problemsolving skills needed to deal with R and N tasks.
Therefore, nontrained cognitive content was analyzed via a 5 (condition: metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) ϫ 2 (time: pretest, posttest) univariate ANCOVA, with repeated measures on the second factor and intelligence as covariate. We were especially interested in the Condition ϫ Time interaction.
No significant interaction effect was found for Time ϫ Condition, F(4, 231) ϭ 0.91, p ϭ .46, or Time ϫ Intelligence, F(1, 232) ϭ 2.42, p ϭ .12. In addition, no significant main effect was found for time, F(1, 231) ϭ 3.40, p ϭ .07, or condition, F(4, 231) ϭ 2.32, p ϭ .06. However, a significant main effect with a small effect size was found for intelligence, F(1, 231) ϭ 48.18, p Ͻ .01, 2 ϭ 0.17, power ϭ 1.00. Mean scores and standard deviations for the posttest are presented in Table 3 .
As shown in Table 3 , the metacognitive group learned the specific content of the sessions (trained cognitive content and trained metacognitive content), but significantly more cognitive (nontrained cognitive content) generalization of learning did not take place than in the four other conditions.
Follow-Up Data, 6 Weeks After the Training
An important aim of the present study was to assess sustained growth in mathematical problem-solving skills after the training took place. Therefore, we used a nationally standardized measure that was independent of our conceptual model, upon which the metacognitive and cognitive training were built (see Table 1 ). This assessment took place 6 weeks after the training and can be considered a measure of sustained mathematical problem-solving growth.
To compare mathematical problem solving in the five conditions, we conducted a univariate ANCOVA, with condition (metacognitive condition, cognitive condition, motivation condition, math condition, and control condition) as the between-subject factor, posttest scores on the KRT3 as the dependent variable, and pretest scores on the KRT2 and intelligence as the covariates. In the ANCOVA, there was a significant main effect with a medium magnitude ( 2 ϭ 0.69, power ϭ 1.00) for condition, F(4, 230) ϭ 127.54, p Ͻ .01. Moreover, a significant effect with a high magnitude ( 2 ϭ 0.94, power ϭ 1.00) was found for the mathematics pretest scores, F(1, 230) ϭ 3,698.24, p Ͻ .01, but not for intelligence, F(1, 230) ϭ 0.05, p ϭ .82. This significant main effect for condition was further analyzed using Tamhane post hoc multiple comparisons, Levene F(4, 232) ϭ 3.00, p ϭ .02. There were significant differences between children in the metacognitive group and children in the other conditions on the posttest scores (see summary of post hoc analyses in Table 3 ). The children in the metacognitive condition outperformed the four other conditions.
Discussion
The central question underlying this study was whether offline metacognition could embellish instruction of procedural knowledge. Results show that it can.
First, children in the metacognitive group had significantly higher posttest mathematical problem-solving scores (trained cognitive content). The positive treatment outcomes were obtained by adding an aspect of offline metacognition onto mathematical problem-solving treatments.
Second, children in the metacognitive group had higher posttest prediction scores than children in the other four groups. Prediction seemed to be a modifiable metacognitive skill. Moreover, in our study of the other (nonmetacognitive) groups, no such improvement was found. Evidently, offline metacognitive skills or strategies need to be taught explicitly to develop.
Third, the metacognitive group outperformed the spelling group on metacognitive evaluation (nontrained metacognitive content), but no significant differences were found among the five groups on N and R problem-solving tasks (nontrained cognitive content). That is, very limited or absent generalization of learning took place. The lack of transfer or generalization of cognitive skills could be due to the limited number of items (only nine items; see Table 3 ) or to the lack of partial correlations between N, R, L, and M tasks (Desoete, Roeyers, & Buysse, 2000) . It might also be that this lack of effect was due to the limited number of training sessions and to the fact that all metacognitive and cognitive skills have to be taught explicitly and cannot be assumed to develop from freely experiencing mathematics.
Fourth, children in the metacognitive group performed better than children in the other four groups on the follow-up measure. Metacognitive instruction had a sustained effect on cognitive problem solving 6 weeks after the training.
These results should be interpreted with care because there are several limitations to the present study. First, extrapolating our conclusions and excluding possible alternative explanations, our studies need to be replicated with a sample of children with mathematics learning disabilities. Second, the interventions were implemented for a very brief period of time. The interventions took place for five sessions. We opted for this design because we focused only on prediction skills-and did not want to train all metacognitive skills-to determine what triggered the modification of skills. Finally, another limitation of this study was that the interventions were implemented by paraprofessionals instead of classroom teachers. In reality, paraprofessionals are widely used to teach remedial instruction to students with learning disabilities. With adequate training and ongoing supervision, paraprofessionals in this study could successfully modify metacognitive prediction skills in young children.
Some questions about metacognition and mathematical problem solving remain unresolved. For example, metacognition might be age-dependent and still maturing until adolescence (Berk, 1997) . The empirically demonstrated metacognitive components, therefore, still need full explanation from more applied research on different age groups. In addition, the other parameters included in metacognition and the relationship between cognition, metacognition, motivation, and emotion require additional research (Boekaerts, 1999) . Moreover, some questions about the cognitive components of mathematical problem solving remain unresolved. For example, additional research is necessary on the impact of working memory on the ability to hold and process highly contextualized problems. Similarly, more information is needed on the impact of knowledge base on the ability to process a problem embedded within a familiar or unfamiliar context (Keeler & Swanson, 2001 The following story is told to the children:
In Number Town, there is a big market with a school and four big lanes (Question Lane with a cinema, Read Lane with the number library, Big Lane, and Bridge Lane with a baker and a swimming pool) and four smaller streets (Add Street with a railway station, Remove Street, Times Street, and Division Street).
Three animals live in Number Town: a fast rabbit, a slow turtle, and a cat that estimates whether to be fast or slow according to the situation. The rabbit lives in the market. The turtle lives on Question Lane, and the cat lives on Big Lane.
The following questions are asked:
If the three animals want to go to the baker while it is quiet in the town, who would arrive at the bakery first?
If the three animals want to go to the movie theater, who would arrive first if there is a lot of traffic in the village? The principle of the first session is "taking time in advance avoids being sorry afterward." This principle is put on the first stage of the number stairs of Number Town.
Session 2
In a second session, the principle of the previous session is reviewed. The following story is presented:
The cat wants to walk in her street. She visits the church and four stores. The church is full of additions and subtractions with big size numbers. The wine store is full of additions with big size numbers. The balloon store has lots of additions with big size numbers. The marble store has additions and subtractions with small size numbers. The match store has additions with small size numbers.
Children are asked questions such as the following:
Where does the cat have to walk slowly? Why? Where does the cat have to walk fast? Why? How will the turtle deal with the match store? How will the rabbit deal with the match store? What is the smartest way to deal with the match store? How will the turtle deal with the church? What is the smartest way to deal with the church? The children are invited to reflect on where they can work fast and where they have to be more careful. They are also invited to do five exercises in which one can work fast or carefully. The principle is experienced and then formulated: "Some exercises can be solved quickly, whereas other exercises have to be solved very carefully." In addition, children have to solve the exercises reflecting on this principle. Then children make their own exercises out of the match store, wine store, marble store, and balloon store and give these exercises to their neighbor to solve. The second principle is written on the second stair of the number stairs. The following story is told to the children:
Count City is a village where all houses contain mathematics exercises. There are red houses, blue houses, green houses, yellow houses, and orange houses. In every session, we will learn about one of the colors of the houses. In every session, children learn a color of the rainbow.
The children have to solve the questions in the red houses. They have to open the doors and windows of the houses and solve the questions inside. In addition, the children are invited to follow the dots of a red house and to write "mathematics house" on the roof. Finally, the children play a number reading game and color the red portion of the rainbow. Children in this condition perform exactly the same exercises as the children in the Number Town condition.
In a second session, the children are asked what they learned in the previous session. The following story is presented:
Tine walks in Count City and visits the blue houses. She visits the five blue houses. The first blue house is full of additions and subtractions with big size numbers. The second blue house is full of additions with big size numbers. The third blue house has lots of subtractions with big size numbers. The fourth blue house has additions and subtractions with small size numbers. The fifth blue house has additions in it with small size numbers.
Children are asked questions such as the following: How did you solve the exercises? Why? Who can show us how to solve such an exercise? What are the steps to take? The children are invited to do five other exercises on the blackboard. The procedural algorithm is experienced and then formulated: "In an addition, we start with the units and then add the tens . . . ." Then children make their own exercises out of a blue page. The second portion of the rainbow is colored. Children in this condition perform exactly the same exercises as in the Number Town condition.
